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Frequent Envelope Recombination in Patients with Sequentially Expressed Dual Infection 
by Distinct HIV-1 Subtype B Strains

Background: Sequentially expressed dual infections can 
arise by sequential acquisition of viral variants (superinfection) 
or through dynamic action of selection pressures in dually 
infected persons.  Recombination of multiple subtypes of HIV-
1 is common.  Fewer cases of intraclade recombination have 
been reported.  Here we report frequent recombination in the 
envelope gene in patients infected with two, sequentially 
expressed strains of subtype B HIV-1.

Methods: Plasma samples were identified in three individuals 
from the UCSF Options cohort before and after apparent 
superinfection.  Antibody neutralization sensitivity and co-
receptor tropism were determined using the PhenoSense HIV 
Entry Assay.  Envelope clones were isolated at each time point 
and their sequences were determined to elucidate the 
composition of the virus populations

Conclusions: Intrasubtype B recombinant envelope 
sequences were identified in all 3 cases of apparent 
superinfection that were studied by clonal analysis.  The 
cytoplasmic tail region was identified as a “hot spot” for 
recombination in these viruses, which is expected to alter 
infectivity and fusion phenotypes that may drive viral fitness 
during transmission and systemic viral spread.  The ability of 
the second strains to overgrow the initial virus population has 
implications for the development of a broadly protective 
vaccine.

SimPlots of clones showing recombination.
Green and orange lines represent consensus sequences for a group of clones 
demonstrating virus 1 and virus 2 genotypes respectively.  Graphs were generated using 

a window size of 200, a step size of 20 and a 50% co nsensus.

Clones from 
longitudinal 
timepoints:
the number on each 
branch represents the 
percentage of times 
that branch was 
generated in the same 
configuration among 
100 bootstrap 
resamplings.

0 month 
plasma

10 month 
plasma

HIV+ Plasma: N16

OP-450 0 month 68 439 118
OP-450 10 month  <20 26 82
Control  aMLV  <20  <20 18
Control  JRCSF 33 60 272
Control  NL43 131 287 736

 Virus

Autologous neutralization before and after 
emergence of 2nd virus

Amino acid sequence alignment showed recombination site 
is located in gp41 CT region

• The first virus strain was replaced by the second virus strain or a recombinant of the two.  
• Five of 10 clones in the first time point after emergence of the second virus are 
recombinants. Four recombination crossover points fall in the cytoplasmic tail region of gp41 
and one in the transmembrane region of gp41. No recombinants are found in the second time 
point after emergence of the second virus.     
• The second virus strain has higher pol replicative capacity and is less sensitive to 
autologous neutralizing antisera. Either or both factors may be important in the overgrowth of 
the first virus by the second.
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Amino acid sequence alignment showed recombination site 
is located in gp41 CT region

0 month 
plasma

12 month 
plasma

HIV+ Plasma: 
N16

OP-790 0 month 54 62 78
OP-790 12 month  <20  <20 17
Control  aMLV  <20 21 18
Control  JRCSF  <20  <20 272
Control  NL43  <20 85 736

 Virus

Autologous neutralization before and after 
emergence of 2nd virus

Summary Patient 2

• The first virus was Dual and second virus was R5. Both viruses and recombinants 
coexisted in several time points after emergence of the second virus.
• Two of 14 clones in the first time point after emergence of the 2nd virus are 
recombinants. One recombinant crossover point is in the cytoplasmic tail region of 
gp41 and one has two sites including the CT region and signal peptide region. 
Seven of 13 clones in the second time point after appearance of the 2nd virus are 
recombinants. All crossover sites fall in CT region. Fourteen of 18 clones in the 
third time point of apparent superinfection are recombinants. All have two 
recombination sites, one in CT and one in signal peptide.
• Both viruses are insensitive to autologous neutralization antibody.

Patient 3

Amino acid sequence alignment showed recombination site 
is located in gp41 CT region
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HIV+ Plasma: 
N16

OP-839 0 month  <20  <20 29
OP-839 2 month  <20  <20 42
Control  aMLV  <20  <20 18
Control  JRCSF  <20 31 272
Control  NL43 35 38 736

 Virus

Autologous neutralization before and after 
emergence of 2nd virus

Summary Patient 3

• The first virus strain was replaced by the second virus strain or recombinant after 
the appearance of the second strain.
• The recombinants are found at all time points after emergence of 2nd strain.
• The second virus strain switched tropism from R5 to dual 11 months after 
appearance.
• One of seven clones in the first time point after appearance of 2nd virus, 10 of 12 
clones in the second time point, 12 of 12 clones in the third time point, and two of 
10 clones in the fourth time point are recombinants. Their recombination sites fall in 
CT, signal peptide, or gp120/gp41 cleavage site region.
• Both viruses are insensitive to autologous neutralization antibody.

SimPlots of clones showing recombination.
Green and orange lines represent consensus sequences for a group of clones 
demonstrating virus 1 and virus 2 genotypes respectively.  Graphs were generated using
a window size of 200, a step size of 20 and a 50% consensus. 
 

SimPlots of clones showing recombination. 
Green and orange lines represent consensus sequences for a group of clones 
demonstrating virus 1 and virus 2 genotypes respectively.  Graphs were generated 
using a window size of 200, a step size of 20 and a 50% consensus. 
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 Study 
Month

Replication 
Capacity (%) Tropism 

Virus 
Strain 

Present
R5 X4 CD4 VL (copies/ml)

0 N/A R5 1st 47,907 59 561 10,525             
1 107 R5 2nd 35,727 65 570 77,827             
2 N/A R5 2nd 22,431 67 400 304,353           
3 83 R5 2nd 31,775 66 350 433,000           

12 65 R5 + Dual 2nd 708,248 54,901 247 447,037           
16 58 R5 + Dual 2nd 256,791 6,649 37 >500,000

 Study 
Month

Replication 
Capacity (%) Tropism Virus Strain 

Present* R5 X4 CD4 VL (copies/ml)

0 N/A Dual 1st 240,612      996,311 585 522                  
2 92 Dual + R5* 1st, 2nd 1,530,233   182,765 439 158,796           
4 57 Dual 1st 112,573      282,507 490 4,226               

17 97 Dual + R5 1st, 2nd 156,385      220,745 388 127,733           
*2nd virus = R5

1st virus 2nd virus (cl 7)
1st virus 2nd virus1st virus 2nd virus

 Study 
Month

Replication 
Capacity (%) Tropism Virus Strain 

Present R5 X4 CD4 VL(copies/ml)

0 27 R5 1st 4,107,051 82 820 868                  
8 N/A R5 1st 626,852 64 1271 1,150               

10 101 R5 2nd 2,108,264 119 957 11,000             
33 68 R5 2nd 602,005 62 660 5,111               


